The objective of the study was to evaluate the survival response of multi-drug resistant enteropathogenic Escherichia coli and Salmonella paratyphi to the salinity fluctuations induced by a saltwater barrier constructed in Vembanadu lake, which separates the lake into a freshwater dominated southern and brackish water dominated northern part. Therefore, microcosms containing freshwater, brackish water and microcosms with different saline concentrations (5, 10, 15, 20, 25 ppt) inoculated with E. coli/S. paratyphi were monitored up to 34 days at 20 and 30 W C. E. coli and S. paratyphi exhibited significantly higher (p < 0.05) survival at 20 W C compared to 30 W C in all microcosms. Despite fresh/brackish water, E. coli and S. paratyphi showed prolonged survival up to 34 days at both temperatures. They also demonstrated better survival potential at all tested saline concentrations except 25 ppt where a significantly higher (p < 0.0001) decay was observed.
INTRODUCTION
Contamination of surface water by pathogenic microorganisms is a major public health issue worldwide, particularly in developing countries where surface water is often used for multiple activities including drinking. Infections originating from such sources, especially diarrhoea and typhoid fever caused by multi-drug resistant pathogenic serotypes of Escherichia coli, Salmonella enterica typhi and paratyphi are highly endemic to India and remain a major cause of morbidity and mortality among young children in the developing world (Paul et whereas a short term survival has also been observed (Winfield & Groisman ) . Moreover, an extended survival of E. coli and Salmonella were noticed when they were submitted to a gradual increase in saline concentrations, while the survival was short when they rapidly mixed with brackish water (Mezrioui et al. ) . Since E.
coli and Salmonella exhibited differential survival response and a wide range of salt tolerance in different environmental water (fresh, estuarine and sea water), the potential public health risks associated with these pathogens cannot be assessed in other aquatic environments based on the earlier survival results. Therefore, it is imperative to evaluate their survival in individual source water in order to assess the potential risk associated with that particular source water where constant human contact and non-contact recreational activities take place.
Hence, the present study has been carried out in Vembanadu lake (∼256 km Vembanadu lake (Abhirosh et al. , ) . Therefore, being a potential health hazard to humans exposed to this lake, the period of survival and persistence of these pathogens have greater public health significance. Since the lake has three environmental condition in terms of its salinity (i.e. freshwater on one part, brackish water on the other part and the salinity gradient developed due to the mixing of water from freshwater and brackish water), our aim was to evaluate the survival response of multi-drug resistant enteropathogenic Escherichia coli and Salmonella paratyphi against these three environmental conditions. Hence, in the present study the survival has been assessed in freshwater, brackish water and at all possible saline gradient that could be developed in the lake using microcosm experiments at 20 and 30 W C. To the best of our knowledge, no published data are available on the effect of salinity on the survival of these drug resistant pathogens in Vembanadu lake.
MATERIALS AND METHODS

Test bacteria
A pure culture of multi-drug resistant enteropathogenic E.
coli (serotype O114; resistant to amikacin, chloramphenicol, kanamycin, nalidixic acid, oxytetracyline, and tetracycline) S.
paratyphi (resistant to ampicillin, amikacin, kanamycin, oxytetracycline and tetracycline) isolated from the Vembanadu lake were used for the survival experiments. The isolation of the bacteria and their antibiotic resistance determination is described elsewhere (Abhirosh et al. , ) .
Microcosms
Freshwater microcosms
In order to study the survival of E. coli and S. paratyphi in the freshwater part of the lake, sub-surface (0.5 m) water Table 1 . Nitrate, phosphate, dissolved oxygen (DO), pH were analysed according to APHA ().
Microcosms with different saline concentration
Since the maximum salinity reported in the northern part of the lake was around 20 ppt (Abhirosh et al. ) , it was expected that the likely salinity fluctuation in Vembanadu lake would be in the range of 0-20 ppt. Therefore, to assess the survival of E. coli and S. paratyphi throughout the year in Vembanadu lake at all possible saline gradient that could be developed due to the mixing of water from both parts, microcosms with different saline concentrations (5, 10, 15, 20, 25 ppt) were prepared using fresh lake water collected from the lower southern part of the lake when the lake was closed (in March 2009). The test solutions of desired saline concentrations were prepared using filter sterilized (0.2 μm Millipore filter) fresh lake water with sea salt (Sigma-Aldrich, Bangalore). The saline concentration of 25 ppt was used to find out how it will affect the survival if the salinity increases at any point of time above 20 ppt. Filtration was used to remove the biological factors in order to avoid the effect of predation. Four replicates were used for each microcosm.
Preparation of inocula
The inocula were prepared as previously described by Abhirosh & Hatha () . E. coli/S. paratyphi was grown in Tryptone Soy Broth (TSB, Hi-Media Mumbai) and incubated at 37 W C for 24 h. After incubation, the cells were concentrated by centrifugation at 1,400 × g for 15 minutes
and washed twice with sterile distilled water. After the final wash, the cells were re-suspended in sterile distilled water for inoculation into the microcosms. Then 1 mL washed cell suspension of E. coli/S. paratyphi were inoculated separately into each microcosm containing freshwater/brackish water/water with different salinity (100 mL water in 250 mL Erlenmeyer flask) at a concentration of 10 6-7 CFU/mL. The enumeration of culturable bacteria was carried out after 2, 4, 6, 8, 10, 13, 16, 22, 28 and 34 days using a spread plate technique on TSA (HiMedia Mumbai) agar plates and the colony forming units were counted. Ten randomly picked colonies from TSA plates were subjected to biochemical screening in order to confirm the colonies as E. coli/S. paratyphi as described elsewhere (Abhirosh et al. ) . Dilutions of the samples were carried out whenever necessary using sterile distilled water.
Decay rates and statistical calculations
The decay rates of culturable E. coli and S. paratyphi cells were calculated as per first order decay model using the fol-
where N t is the number of bacteria at time t, N 0 is number of bacteria at time 0, and t is expressed in days; k is the 
RESULTS AND DISCUSSION
The decay curves of E. coli and S. paratyphi in fresh and brackish water microcosms at 20 and 30 W C are given in Figure 2 and the T 99 values (in days) are given in Prolonged survival of E. coli and S. paratyphi in brackish water with moderate (12.7 ± 0.6 ppt) salinity suggests that the health risk is not only confined to the closure period but also exists during the opening period because of the gradual mixing of saline water with freshwater, which further reduces the salinity and enhances the bacterial survival. In an experiment, fairly similar to the above conditions in the Vembanadu lake, Mezrioui et al. () reported that the survival time of E. coli and Salmonella were longer when they were exposed to a gradual increase in salinity by mixing brackish water with pond water, simi- Prolonged survival observed at all saline concentration 
CONCLUSIONS
In conclusion, the results of this study demonstrated that multi-drug resistant E. coli and S. paratyphi exhibited better survival potential and adaptability over a wide range 
